Introduction: The aim of our study was to investigate the relative efficiency and adverse effects of various treatments of steroid sensitive nephrotic syndrome (SSNS) in children, and to determine factors associated with relapse risk in these patients.
INTRODUCTION
Childhood nephrotic syndrome (NS) is often steroid sensitive (SS), usually with favorable long-term prognosis characterized however by a relapsing course in 50-80% of cases [1] [2] [3] [4] [5] . The relapsing patients come to be re-treated with prednisolone (PRED) which results in a high incidence of adverse effects (AE). Various treatment options include alternative agents for steroid-sparing effects such as alkylating agents, antimetabolites or calcineurin inhibitors. However, it is difficult to predict the non-relapsing course of SSNS, and remission rates after three years was have been reported as being between 24% and 45% [3] [4] [5] .
The goals of our study were to investigate the relative efficiency of the various treatment protocols in childhood SSNS, to estimate the risk of relapse during 60 months follow up, to specify the predictive variables for relapsing still active, they were transferred to an adult department. The following data were recorded: age of onset, duration of the disease, the presence of hematuria or hypertension, initial renal insufficiency, the number of relapses before the beginning of the treatment in the clinic, and type of treatment regimens in clinic. We also examined laboratory tests such as serum creatinine, serum albumin, serum cholesterol, glomerular filtration rate, urinalysis, and 24-h urinary protein excretion. Hematuria was defined as >5x10 6 red blood cells/L in uncentrifuged urine. Hypertension was defined as blood pressure (systolic and/or diastolic) >95 th percentile for age, gender, height percentile. Initial renal insufficiency was defined as a reversible increase of the serum creatinine level (100-460 mol/l) accompanied by a decrease of the glomerular filtration rate according to the Schwartz formula in the initial observation of less then three months [6] .
The patients were followed up once a week in the first three months, every three months in the first year, and every six months thereafter.
Children with age of NS onset <1.5 years, follow-up after immunosuppressant treatment less then twelve months and those with secondary NS, were excluded from this study. Furthermore, only those patients who indicated the sustained remission at the moment of the treatment withdrawal were included (0 time point in all graphs). Steroid dependent SSNS (episodes with relapse during the tapering of PRED or within two weeks of ending treatment) were also excluded from this study.
The Ethics Committee of the State Institution "Institute of Nephrology of the Academy Medical Science of Ukraine" approved of this study.
Treatment Protocol
The national treatment protocols were used thought the study, see [6] .
PRED as the initial treatment was prescribed for eight weeks in dose 1.5-2.0 mg/kg body weight up to a maximum of 60 mg/day, divided into two or three doses. Then it was decreased by 5 mg/day to the supporting dose (30-50% of initial dose) which was given on alternate-day or intermittent mode (three times a week) for 9-12 months with tapered by 2.5 mg every eight weeks till 2.5-5 mg. In a case of any intercurrent concomitant disease under the supporting treatment, the dose of PRED was temporary increased up to 15-20 mg/day during 7-14 days for relapse prevention.
In relapse, an immunosuppressive agent was applied after six weeks of PRED under transition to the supporting PRED therapy. First line steroid-sparing treatment was an alkylating agent Chlorambucil (CHL) or Cyclophosphamide (CYC) which was used during the eight weeks in the maximum dose. CHL was administrated in dose 0.2 mg/kg/day orally (cumulative dose of 8.5-10 mg/kg). CYC was mostly given to patients with long NS history. It was initiated at a pulse dose intravenously (I.V.) of 10-25 mg/kg once in three weeks No. 3 ( 1 g/injection, cumulative dose of 30-36 mg/kg) or every third day intramuscular (I.M.) in dose 6-9 mg/kg/injection (cumulative dose of 120-150 mg/kg). CYC I.M. was given before the year 1995 (domestic based protocol) but CYC I.V. was used regular from the year 1995. After initial (maximum) dose, both CHL and CYC I.V. were transferred to the supporting dose of CHL (0.1 mg/kg/day) which were then received during 6-9 months (cumulative dose of 20-25 mg/kg), simultaneously with PRED.
Statistical Analysis
The statistical analyses were performed using STATISTICA 10.0 for Windows Version (Statsoft, Inc. 1984-2011) and IBM SPSS 19.0. Data not normally distributed were summarized as percentages, medians and ranges. Comparisons between groups were performed using Mann-Whitney and proportion tests. The cumulative frequency chart and the relapse rate per patient were used to illustrate the treatment efficiency. Kaplan-Meier survival technique was used to illustrate the relapse rates during 60-months follow-up. The comparison of survival rates was performed using the log-rank test for two samples and an extension of Gehan's generalized Wilcoxon test and Peto and Peto's generalized Wilcoxon tests for multiple comparisons. The Cox proportional hazards regression was applied to identify a set of explanatory variables with high predictive potential and explore the simultaneous effects of several variables on the risk of NS relapsing course. Multinomial (logistic) regression was used to identify the risk factors of developing the highly relapsing course of NS. AEs of the treatment were measured as a relative frequency of event per patient from the cohort.
A p-value of less than 0.05 was defined as significant.
RESULTS
There were 447 boys and 243 girls included in the study (sex ratio 1.8). Their ages ranged from 1 to 17 years at the disease onset (median 5).
The entire cohort of children was stratified at the first step into the following age groups: from 1.5 to <3 years (1), from three to <6 years (2) , from six to <9 years (3), from nine to <12 years, and from twelve to 18 years. However, the corresponding Kaplan-Meier curves for the two oldest groups revealed identical behavior of the relapse rate and were therefore merged together (from nine to 18 years), resulting in four age groups for the subsequent analyses.
The median duration of NS before beginning the treatment protocol in our clinic was 12 months (1-120) with overall relapse rate before admission 0.79. Previous PRED treatment courses have been given in local clinic in 475/68.8% cases. The follow up period in the clinic was ranged from 12 to 288 months (median 64).
The percentage of patients in complete remission was 75.1%, 46.4% and 31.7% after 12, 36 and 60 months, respectively. The cumulative relapse free survival at the same time pointed as 81.9%, 69.0% and 64.5%, respectively, after Kaplan-Meier estimators corrected for censoring (47/6.8% was lost to follow up before 12 month, further 119/17.2% of patients was lost up to 36 month, and 81/11.7% more up 60 months).
The estimated probability of the sustained remission up to 60 months analyzed in the different age groups is illustrated in Fig. (1) , and a highly significant difference in the event rate depending on the age was discovered. Younger ages were relapsed more intensively and the probability of NS recurrence in the late follow-up was 45.7% for age group from 1.5 to <3 years, 39.4% -from three to <6 years, 26.8% -from six to <9 years and 17.7% for age group from nine to 18 years, respectively ( =28.0, p<0.001). The remission rates were estimated as complements to the Kaplan-Meier probabilities, resulted in 49.2%, 57.5%, 70.1%, and 79.3%, respectively, for the four age groups. It is important to note that in the case of relapse, the duration of remission was similar in all age groups (median 12 months, ranged from 1 to 132).
The significant difference was discovered in the rate of relapse after treatment in our clinic between NS children with the previous PRED history and those treated firstly (Fig. 2) . The cumulative probability of having a relapse free clinical period up to 60 month was 72.1% and 47.6% for the group with and without a long time history of the NS, respectively (log-rank=-7.50, p<0.001).
To analyze the effect of our treatment protocols, the duration of the remission was plotted as the cumulative Relapse free survival 1,5-3 3-6 6-9 9-17
Complete Censored Fig. (1) . Kaplan-Meier survival curve for estimated probability of the sustained remission up to 60 month in the analyzed age groups: from 1.5 to <3 years (n=94), from three to <6 years (n=259), from six to <9 years (n=179), from nine to 18 years (n=158); total number -690, complete -235/34.1%, censored -455/65.9%. frequency chart over time of observation for PRED alone (n=269), PRED combined with CHL (specified as "CHL", n=327), CYC with PRED ("CYC" both I.V. and I.M., n=41 and n=53, respectively). More stable remission was observed in groups treated by CHL and CYC I.M. (Fig. 3) .
Most of patients in the PRED group exhibited the first relapse until 12 th month of follow up being relapsed in every second case to the end of observation time. The CYC I.V. was more efficient in retaining the remission (time to relapse 18 months, range 2-48), than PRED, being however less To analyze the treatment efficiency, the relapse rate per patient was estimated for a specific time interval. This rate was defined as the number of patients with relapse divided by the number of patients accumulated, proportionally to the time in the interval in which they were followed up (Fig. 4) . PRED being used along gave ten times higher relapse rate during the first six months than CHL and CYC I.M. protocols. It remained high until 24 months and started to decrease in the last two time interval. The rate patterns in the both treatments CHL and CYC I.M. were similar: low relapse rates at the earlier observation times, and tendency to increase it in the late follow up. The highest relapse rate in CYC I.V. was observed from 12 th to 24 th month.
The overall picture of the treatment efficiency is presented as the percentage of the relapse free patients distributed over the treatments and follow up months ( Table 1) . Highly significant variation in the cumulative relapse free survival rates for the treatment studied was found (p<0.001 by Gehan's test) with most pronounced difference between PRED and CHL. When analyzing different treatment protocols for the frequently relapsing patients we found that more than two relapses up to 60 month were observed in 9/3.3% PRED treated children and in 6/1.4% after alkylating agents therapy (p=0.053). Therapy with CHL and CYC I.M. seldom led to the frequently relapsing NS (3/0.9%, p=0.027 compare to PRED, and 1/1.9% cases, p=0.328 compared to PRED, respectively), whereas the higher relapse rate was observed for CYC I.V. (2/4.9%, p=0.274 compared to PRED).
A strong association between the time of the first relapse occurrence and the frequently relapsed course for PRED treatment was observed. Out of 9 patients with the frequently relapsed course, 5/55.6% had their first relapse during the first six months after PRED withdrawal, unlike the rarely relapsed ones (one or two relapses during the follow up) which get 52/40,6% early relapses out of 128 (p=0.185). The same pattern relating the early relapse and subsequent relapsing course was also observed in patients receiving the alkylating agents; out of 6 frequently relapsing NS there were 3/50.0%, and out of 92 rarely relapsing cases there were 7/7.6% early ones, respectively ( =0.013).
To identify predictive factors of relapse up to 60 month on nephrotic children, the Cox regression model (Model 1) was fitted ( Table 2) . Three variables (age group, treatment before and the treatment protocol in clinic) appeared to be highly significant individual prognostic factors. Both age groups and type of treatment demonstrated highly significant predictive potential in the multivariate model. Another Cox regression model, with the relapse risk during the first six months after the treatment withdrawal and the same set of explanatory variables, was fitted (Model 2). The variables, treatment before and PRED treatment at the clinic were detected as highly significant when using the univariate approach (HR=0.16, 95% CI 0.10-0.28, pvalue<0.001, and HR=10.81, 95% CI 4.93-23.7, pvalue<0.001, respectively). Other types of treatment protocols, CHL, CYC I.V. and I.M., were not significant for developing the early relapse, unlike the previous model, where the follow-up time was extended to 60 months. Some tendency to higher risk of the early relapse was observed in patients treated by CYC I.V. (HR=2.33, 95% CI 0.48-11.21), unlike patients treated by CYC I.M. where the risk was lower (HR=0.90, 95% CI 0.11-7.10). Notice that in both cases, the reference group was CHL protocol. The age group also lost its significance in association with early relapse.
With the multivariate model (Model 2), the only PRED treatment has shown significant prognostic effect on the early relapse (HR=7.84, 95% CI 2.95-20.84, p-value<0.001). To determine risk factors related to the highly relapsing NS, the multinomial regression model was fitted ( Table 3) . The response variable was defined as a risk of developing one relapse in Model 3, and more than one relapse in Model 4, in order to compare it with the relapse free course. In both univariate and multivariate approaches, the younger age and PRED treatment were significantly associated with the risk of getting one relapse compared to no relapse (Model 3). Having a treatment before reduced the risk of one relapse in the univariate model, but not in multivariate one. Similar patterns were also observed for the risk of developing two and more relapses: both the younger age and PRED treatment were highly significant predictors (Model 4). The multinomial regression model made it possible to capture the association between CYC treatment and developing highly relapsing NS course. The risk of more than one relapse was significantly elevated for CYC I.V. treated patients. Highly significant predictors of two and more relapses by multivariate analysis were age from three to six years and both treatment PRED and CYC I.V.
It has long been known, that relapsing clinical course requires repeated immunosuppressive therapy which in turn is related to the increase of the cumulative dosage and elevation of the risk of AEs. To study these effects of the treatments used, a random sample of medical records of 271 patients was taken. We considered the distribution of various types of AEs over the treatment strategies, which were presented in Table 4 .
Most patients tolerated therapy well. Steroid-related AEs occurred in all the groups being less in CHL and CYC I.M. treated patients. Cushing features was mostly observed, followed by psychological disorders (hyperactivity, emotional instability, aggressive behavior). Transient glucosuria was also observed in all the groups but mainly in CHL. Leukemoid hematological reaction of myeloid type (myelocytes, metamyelocytes -young forms of leucocytes in peripheral blood sample) was documented in eleven patients. Five children developed severe AEs: osteoporosis was diagnosed in three cases and ulcerous illness in two ones. In total, 16 patients out of 271 had transient arterial hypertension. In a number of cases headache or rush was observed during the tapering PRED to supporting dose ( Table 4) .
As a result of total immune suppression various infections were observed with predominating in CYC-treated patients. The recurrence upper respiratory infections and pyogenic skin diseases occurred most frequently, whereas the pneumonia, urinary tract infections were limited. During these infections cytotoxic therapy was continued. Systemic infections were rare: one case of osteomyelitis and one case of sepsis were observed. In total, herpes zoster and chicken pox were experienced in 14 and 19 children, respectively. These types of AEs led to a therapeutic pause.
Hematological changes (anemia with Hb 86-104 g/L, leukopenia with WBC's count 2200-3400, thrombocytopenia with PLT 135-150x10 9 /L) were most frequently detected in alkylating agents' treated persons, especially CYC group, but they did not reach life-threatening levels.
Transitory cytolysis syndrome (<5 norm ALT) was observed in 44 patients (most of them were under CYC treatment) as hepatotoxicity, and it did not require alterations in the treatment protocols. As expected, at the alkylating agent treated patients observed hair loss, especially in CYC I.M. Eleven patients in the sample had transient intestinal syndrome as a frequent passage of loose stools during the first month of the treatment.
Endocrinological disorders were placed into a separate group since it was difficult to identify the real cause of their development. Overweight was observed in eleven patients, and growth retardation was present in six children both with a long NS history. Hypohonadism was discovered in twelve cases but gonadotoxicity level was not detected due to ethical and social limitation. Out of 70 patients, 56 responded to the questionnaire at their adult age and reported about having at least one healthy child.
To date, there were not noted malignancies during follow up.
As expected, total number of AEs per patient was less in groups PRED (1.7). Besides, this index was not very high in CHL treated group (1.9), increased only in CYC I.V. 
DISCUSSION
The main goal of our study was to analyze the efficiency of the treatment strategies for SSNS used in the years 1980-2006 in Ukraine. Our results showed that PRED and cytostatic protocols applied at the clinic were in general consistent with the international approaches, however some specific features concerning doses and treatment duration still exist. One of such features is combined prolonged treatment with long term follow up. Even though over 30% of patients at the end of 60 months follow-up period were lost, one can claim that with high probability these patients were relapse free: our clinic is the main institute in Ukraine dealing with this type of disease and transfer of patients for the treatment abroad is almost unknown. Therefore these results can be extended to the whole cohort.
It has been shown that a number of factors related to patient age and treatment strategy has a high predictive potential for relapsing clinical course. In particular, the association between young age and recurrent SSNS has previously been reported by [3, 5, [7] [8] [9] . In our study, the two youngest ages (from 1.5 to <3 and from three to <6 years) were stably significant relapse prognostic variables in both Cox and multinomial regression models. The elevated risk of the first relapse was observed in young ages, after at least six months of treatment withdrawal (Model 2), unlike other studies that did not report about the relationship between early relapse and age of patients [2] . Furthermore, the age from three to six years was highly related to the development of two and more relapses during 60 months (Model 3). In general, young age at onset and short initial remission were shown to be associated with frequent relapses. It has long been known that the patients with SSNS respond to PRED treatment alone, but majority of them have relapse and approximately 60-70% of children develop a steroid-dependent or frequently relapsing course; see e.g. [1, 3, 5, 10] . At the same time, by prolonging PRED treatment the disease outcome usually becomes more favorable: the stable remission was observed in up 45-94% of cases during 24-36 months of follow-up [3, [10] [11] [12] [13] [14] . However, the longterm PRED treatment seriously increases the risk of AEs among these patients, which in turn motivates alteration of treatment. The steroid-sparing agents based treatment is the main approach for reducing relapse rate and thereby avoiding steroid-related AEs [3, 11, [14] [15] [16] . During the last years, the alkylating agents in the case of NS relapse are not of first priority. Nevertheless, CYC I.V. is usually recommended as an optional treatment to maintain remission in SSNS [7, 11, [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . In different studies, the percentage of relapse-free patients varies between 5 and 67% during 24 months, and between 17 and 65% during 60 months, respectively [5, 18, [19] [20] [21] [22] [23] [24] . To our best knowledge the data about applying CYC I.M. under the SSNS are not presented in the Western literature. The data concerning the use of CHL are nowadays rarely presented being usually reported in the earlier studies [18, 25, 26] .
Our study showed that the 12 months prolonged initial PRED treatment increased cumulative relapse-free survival up to 47.2% during 60 months after therapy withdrawal, which is better than the international results reported on shorter course of PRED. But the treatment efficiency analysis indicated that the PRED protocol (PRED along) led to disease recurrence primarily during the first 6 months after treatment withdrawal (Model 2), which is in agreement with the other studies, see e.g. [9, 27] . Moreover, in the multivariate consideration, models fitted for the NS course prediction demonstrated that PRED treatment remained highly significant factor for all types of relapses analyzed (Models 1 to 4). This in part motivates the use of steroid sparring therapy already at the first SSNS relapse.
Another interesting finding of the study is that the previous PRED based treatment significantly contributed to reducing the relapse risk, including both early and frequently relapsing courses (Models 3 and 4).
As demonstrated in our analysis, the application of the alkylating agents has led to favorable clinical courses of SSNS; the similar results are also reported in [3, 14, 23, 28] . As usually recommended, first line CYC I.V. was applied during eight weeks and, unlike the international protocols, was then followed by supporting doses of CHL. This combined approach led to sustained remission in 58.1% during 60 months of follow up, which is comparable to the international studies [19, 21, 23] . But our analyses revealed that this treatment protocol had high predictive potential for two and more relapses in the last follow up (Model 4 and Fig. 4) .
It was shown that CYC I.M. was more efficient than CYC I.V.; with CYC I.M. protocol, the relapse-free group was extended to 72.7% of cases after 60 months. It should be noted that the use of CYC I.M. was interrupted at our clinic at 1995, mostly due to elevated risk of development of AEs and treatment complications related to high cumulative doses. Nevertheless, we included our results on CYC I.M. in the study to have a more complete historical view. Since the results documented were positive, one can not exclude returning of the physician's interest to this regime of CYC.
The best results in SSNS treatment were achieved by applying the CHL protocol as a first alternative in relapse. It resulted in cumulative relapse free survival of 78.3% at the last follow up. Some earlier reports also suggested a superior effect of CHL over other alkylating agents [18, 25, 26] . But the straightforward comparison of the domestic and international treatment regimes is relative since in our patients the dosage of CHL was generally higher than standard one. Due to the high risk of complicated disease course, the application of CHL is restricted the international practice to some special cohorts of patients, and usually suggested as a second line therapy. However, during the last years, physicians return to the use of CHL in SSNS patients [24, 29] . This motivates the consideration and analyses of our data on this treatment protocol.
It is well known that the number of AEs and their degree limited the duration of both PRED and alkylating agents' courses [4, 10, 13, 14, 19, 22] ; the general tendency is to reducing their cumulative dosage. However, though that our protocols provided relatively high drug cumulative dosages we did not observe the deterioration of AEs spectrum.
According to the previous studies, the percentage of steroid-dependent AEs was commonly high for both shot and long terms. Most often observed were Cushing features that were frequently recorded in children treated with international protocols (up to 66.6%) [10, 13] . The rate of this AE for our protocols did not exceed these bounds, ranging between 18.8 and 33.3%.
The hypertension was reported in approximately 11-37.5% of patients in the international literature [8, 10, 13, 30] but only in 0-9.0% in our study. It is important that increase in blood pressure was detected after 4-5 weeks of treatment; it was controllable and limited in time to tapering PRED.
In our study, such short-time negative effects of PRED as hematological changes, glucosuria, rush and headache on treatment tapering, were considered to be significant for physical and psychological adaptation of patient. However, many other studies did not report such features. That might be either due to lucking of observations or due to ignoring such symptoms as having no importance. Another explanation could be that such features are related to the duration of our protocols.
Such serious AEs as cataract and osteoporosis were seen very rarely so that it was difficult to interpret them as a drug related. Unlike our approach, international studies reported these cases as steroid related AEs, even though they are also rarely seen [4, 8, 10] .
Infection is a well known concern in children with NS, especially when receiving both PRED and cytotoxic agents. Consistent with some previous reports, total infections level was moderate (up to 31.0-60.0%) [7, 10, 30] . The dominating type of these AEs was viral upper respiratory infection. However, more serious AE problems in this study were caused by activation of Herpes, including chicken pox, especially under CYC treatment, sporadic sepsis and osteomyelitis, which led to discontinuation of cytotoxic therapy.
The hematological suppression with leukopenia was the most often observed and relatively complicated AEs under the alkylating agents treatment, which is reported by both our and international studies [3, 14, 20, 30] . This effect is usually considered as dose-dependent, and many therapeutic strategies strive to achieve the leukopenia in order to induce the long-term remission. Our results supported this approach, however without considering it as an ultimate intermediate goal of the treatment. Our strategy to reducing the risk of leucopenia was based on simultaneous administration of PRED and the alkylating agents [19] .
Unlike the hematological changes, the long-term AEs of CHL or CYC are uncertain. It is well known that the prolonged or continuous use of alkylating agents is limited due to the risk of malignancy. Even though no neoplasia was found in our patients as [2, 21, 23] , there was no reliable data in the follow-up longer than 60 month.
It was also problematic to estimate the rate of infertility in the cohort under study. The negative effect of cytotoxic therapy is more pronounced for male than for female patients [2-4, 7, 14, 21] . Due to relatively high dosage of alkylating agents in our protocols, we would expect elevation of the risk of infertility in long follow-up. However, since the birth rate is based not only on the potential biological ability for people to have children but also on their social behavior and habits, the detection of these problems had a high amount of subjectivity.
Other unfavorable consequences of the therapy, such as growth retardation, overweight or obesity, being causes by limitations of the prolonged using PRED and alkylating agents [8, 13] , were minimized in the cohort under study, as it is reported in [2, 3, 31] . This in turn can be explained by reducing the number of re-treatments associated with reducing of total cumulative doses.
It is always extremely difficult to balance between the efficiency of NS therapy with stable remission and the risk of AEs. Furthermore, the accumulation of AEs related to previous treatments should also be taken into account for the risk evaluation in the group of retreated patients.
A special question in assessment of the treatment of SSNS in children is related to developing of relapsing or steroid-dependent NS course, which appeared in 30-60% of patients [2] [3] [4] . In contrast, our treatment resulted in three or more relapses during 60 months follow up in 3.3% under PRED and in 4.9% cases under CYC I.V., respectively. This rate was further reduced under CHL and CYC I.M to 0.9% and 1.9%, respectively.
When comparing the results of our study with others, certain limitations need to be acknowledged. Firstly, our patients were not randomized. Second, some children who had not relapsed and thus had not been seen at the clinic for 1.5 years or more have been omitted from the study. This might result in underestimation of relapse intensity for the whole cohort since our clinic is the leading in NS management in Ukraine. Third, due to long terms of our retrospective study and a large number of physicians participated, certain corrections might be done on the spread of their subjective evaluations of AEs in the medical records.
Finally, the reducing of the relapse rate during observational time, significantly contribute to improving of patients life quality, psychosocial adaptation and diminishing of the disease-dependent costs.
In conclusion, this study suggested that our protocols significantly reduced relapse intensity and increased the cumulative relapse-free survival. We found that prolongation of initial PRED treatment of SSNS had a beneficial effect on the subsequent clinical course of the disease. The modification of CHL used in our study was the most efficient protocol in patients with relapse of SSNS as a firstline choice. More studies are needed to further investigate the effects of PRED and CHL in childhood NS regarding the treatment protocols and AEs reduction.
